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© Process for the carbonylation of olefinically unsaturated compounds with a palladium catalyst 

© The invention relates to a process for the carbonylation 
of olefinically unsaturated compounds with carbon monox- 
ide in the presence of water, an alcohol and/or a carboxylic 
acid. The carbonylation is carried out with a palladium 
catalyst, with at least 5 mol of a phosphine, having three aryl 
groups, per gram atom of palladium, and with an acid with a 
pK, < 2 (at 18°C in aqueous solution), except hydrohalogenic 
and carboxylic acids, as promoter. In the process very high 
reaction rates are obtained. 
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PROCESS FOR THE CARBONYIATION OF OLEFINICAULY 
UNSATURATED COMPOUNDS WITH A 
PALLADIUM CATALYST 



The invention relates to a process for the carbonylation of 
olef inically unsaturated corpounds. 

It is known that olefins may be carbonylated in the presence 
of water, alcohols or carboxylic acids to yield carboxylic 
5 acids, esters or carboxylic acid anhydrides, respectively. 

However, the known processes have various drawbacks which render 
them rather unattractive for -use on a technical scale. 

US patent specification 3^68,553 discloses a process in 
which olefins axe carbonylated in the presence of a cornplex 
10 comprising a trialkylphosphine together with cobalt, ruthenium, 
rhodium or iridium. However, this process requires the use of 

high pressures, and its selectivity towards the desired product 

is often unsatisfactory. For instance, the carbonylation of 
ethylene in the presence of ethanol and Cc>2 (CO) g as the 

15 catalyst leads to the formation not only of ethyl propionate, 
but also of large quantities of by-products, such as diethyl 
ketone and acetaldehyde . 

As appears frcm US patent specification 3,917,677, rela- 
tively high yields of ester can be obtained by using halogen- 

20 free rhodium catalysts in the carbonylation of olefins in the 
presence of alcohols and tertiary organcphosphorus compounds. 
Hcwever, rhodium catalysts are costly, and cannot simply be 
replaced by cheaper palladium catalysts in the process according 
to US patent specification 3,917,677. Example 5 of this patent 

25 specification shews that no methyl propionate is formed when in 
the carbonylation of ethylene in the presence of methanol, 
sodium acetate and tributylphosphine at a temperature of 175°C 
and a pressure of 50 bar the palladium catalyst Pd [(C g H 5 ) 3 P] 0 C1^ 



or (CH^COO) 2 Pd is used instead of a rhodium catalyst. 

A process for the preparation of carbaxylic acids or esters 
by reacting an olef inically unsaturated compound with carbon 
monoxide in the presence of water or an alcohol , respectively, 
and a palladium catalyst has been disclosed in US patent speci- 
fication 3 , 437 ,676. The catalyst has the formula L PdX r 
wherein L may be, inter alia, an organic phosphine, wherein X 
represents a chloride, bromide, sulphate, phosphate, acetate, 
propionate, nitrate or borate radical, and m is 1-4 and n is 1 
or 2. The reaction is preferably carried out in the presence of 
an acid, such as sulphuric acid, phosphoric acid, boric acid or 
a carboxylic acid. Preference is given to the use of hydro- 
chloric acid, because lower reaction temperatures may then be 
used. However, the pressures applied are very high; in all the 
examples concerning the carbonylation of ethylene or propylene 
the pressure is 709 bar. Moreover , reaction rates are lew in 
spite of the presence of an acid. Lines 1 and 2 of column 14 
show that for the carbonylation of ethylene in the presence of 
ethanol the reaction time usually amounts to 10-24 hours. 

In Example 8 of DAS 2,263,442 ethylene is carbonylated at a 
presure of about 50 bar in the presence of propionic acid, 
PdCl 2 [(C 2 H 5 ) 3 P] 2 and pentafluorothiophenol as the 
promoter. It is true that this process yields propionic 
anhydride, but it does so at a rate of less than 10 g anhydride 
per g Pd per hour. In this specification , too, there is a marked 
preference for the use of the costly iridium or rhodium catalysts. 

From German Offenlegungsschrift 2,410,246 a process is 
known for the preparation of carbaxylic acids, esters or 
carboxylic acid anhydrides by carbonylation of olef inically un- 
saturated compounds in the presence of a hydroxy compound, a 
zero valent triorganophosphine palladium or platinum ccmplex and 
at least 10 irol, preferably 20-110 mol, of a triorganophosphine 
per mol palladium or platinum complex. In this process, at the 
reaction temperatures used in the examples concerning the 
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conversion of ethylene or propylene, the total pressure amounts 
to more than 100 bar and long reaction times, of over 10 hours, 
are usually required . 

European patent application 55875 discloses a process in 
5 which olefins are carbonylated in the presence of a halide-f ree 
palladium catalyst and water, an alcohol and/or a carboxylic 
acid, preferably at a pressure of 30-61 bar gauge. This process 
is carried out in the presence of less than 10 nol of a tri- 
organcphosphine having at least one aliphatic carbon atan bonded 
10 to the phosphorus atan per nol of palladium. Although it is 

stated that by the addition of water and/ or a carboxylic acid 
the reaction rate can be increased, it remains rather low. In 
all the examples the reaction time used is 15 hours; the highest 

reaction rates achieved in Examples 6 and 7 in the presence of 
15 acetic acid or water are 11 and 12 g ester per g Pd per -hour, 
respectively. 

A process for the carbonylation of propylene in the 
presence of water or an alkanol and a palladium catalyst, 4-122 
nol of an ortho-substituted triarylphosphine and, optionally, a 

20 promoter has been disclosed in European patent application 

43382. Hydrohalogenic acids, particularly HC1, are the preferred 
promoters, although seme experiments are also described using 
trif luoroacetic acid and phosphoric acid as promoters. The 
lowest pressure vised in the examples is about 100 bar and the 

25 shortest reaction time 2 hours. Yields are not mentioned. 

It has now surprisingly been found that in the carbonylation 
of olef inically unsaturated compounds the reaction rate can be 
very much enhanced by carrying out the reaction in the presence 
of an acid defined more closely hereinafter and at least 5 rrol of 

30 a triarylphosphine per gram atom palladium. 

The invention therefore relates to a process for the 
carbonylation of an olef inically unsaturated compound with 
carbon monoxide in the presence of water, an alcohol and/ or a 

carboxylic acid, a palladium catalyst, at least 5 irol of a 

12 3 12 3 

35 phosphine PR R R in which R , R and R each represent an 
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optionally substituted aryl group, per gram atom of palladium , 
and an acid as a promoter , characterized in that an acid with a 

pK < 2 (at 18 °C in aqueous solution) , except hydrohalogenic 
c a 

and carboxylic acids, is used. 

The acids used as promoters in the process according to the 
invention preferably have a non-co-ordinating anion, by which is 
meant that little or no co-valent interaction takes place 
between the palladium and the anion. Typical examples of such 
anions are SbFg~, BF^~ and C10 4 ~. 

Acids preferably used are, for instance, sulphonic acids 
and those acids that can be formed, possibly in situ f by 
interaction of a Lewis acid such as, for exanple, BF^, AsF 5 , 
SbFc PF C , TaF c or NbF- with a Broensted acid such as, 

D 3 O D 

for example, a hydrohalogenic acid, in particular HF, fluoro- 
15 sulphonic, phosphoric acid or sulphuric acid. Specific examples 
of the last-naired type of acids are fluorosilicic acid, HBF^, 
HPF^ and HSbF^. Typical sulphonic acids that can be used are 
fluorosulphonic acid, chlorosulphonic acid and the sulphonic 
acids specified hereinafter. 
20 A preferred group of acids has the general formula 



4 °<^y 

R X OH 



wherein X represents sulohur or chlorine and, if X xs chlorine, 

A 4 
R* represents oxygen and if X is sulphur, R represents an 

OH group or an optionally substituted hydrocarbon group. 

When the afore-irentioned acids are used in the process 
25 according to the invention, the anions of the acids can be 
regarded as non-co-ordinating. 

The carbonylation of the olef inically unsaturated expounds 
should be carried out in the presence both of an acid as herein- 
before defined and of at least 5 mol of the phosphine mentioned. 
30 Further it is iirportant that the catalyst be a palladium catalyst. 
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It was found, for instance in the carbonylation of ethylene with 
carbon monoxide in the presence of methanol, palladium acetate 
and tripheny Iphosphine , that not unless a large excess of the 
phosphine (at least 5 mol per gram atcm of palladium) is present 
as well, does the addition of for instance p- toluene sulphonic 
acid bring about a considerable increase in the reaction rate. 
It was further found that it is essential that the phosphine 
comprise three aryl groups bonded to the phosphorus atcm. When 
using a excess of, for instance, tributy Iphosphine , ethyldi- 
pheny Iphosphine or phenyldiety Iphosphine , the addition of the 
acid produces practically no enhancerrent of the reaction rate. 
And also the addition of, for instance, p- toluene- sulphonic acid 
to a rhodium catalyst instead of a palladium catalyst, even in 
the presence of more than 5 mol triary Iphosphine per gram atcm 
Rh, will not produce the desired great enhancement of the 
carbonylation rate. Nor is this result achieved when, in the 
presence of excess triary Iphosphine , one of the acids used in 
European patent application 43382, notably acetic acid, tri- 

fluoroacetic acid, hydrochloric acid or phosphoric acid, is 
added to a palladium catalyst. 

-By using the process according to the invention very high 
reaction rates - of the order of 6000 g product per g palladium 
per hour - can be achieved in spite of the moderate reaction 
conditions used. Since these reaction rates are much higher than 
hitherto attained by known methods, the present invention is of 
great importance. 

In the acids having the general formula I, the optionally 

4 

substituted hydrocarbon group, represented by R , is preferably 
an alkyl, aryl, aralkyl or alkaryl group with 1-30, in particular 
1-14, carbon a tons. The hydrocarbon group may be substituted 
with for instance halogen atoms, in particular fluorine a tons . 
Examples of suitable acids of the general formula I are perchloric 
acid, sulphuric acid, 2-hydroxypr opane- 2- sulphoni c acid, p- toluene- 
sulphonic acid and trif luoromethane sulphonic acid with the 
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latter two acids being preferred. The acid of the general 
formula I may also be an ion exchange material which ccnprises 
sulphonic acid groups such as Amberlite 252 H. In this case the 
hydrocarbon group R 4 is a polymeric hydrocarbon group substituted 
with sulphonic acid groups, for instance a polystyrene group. 

The quantity of the acid with a pK a < 2 present in the 
reaction mixture is preferably 0.01-150, more particularly 
0.1-100, and itost preferably 1-50 equivalents per gram atari of 
palladium. The acid can optionally be fonred in situ, for 
example by hydrolysis of an ester, such as for instance an alkyl 
ester of a sulphonic acid, or by reacting a ketone with S0 2 
and water. 

The olef inically unsaturated cotpcund may be an un- 
substituted or a substituted alkene or cycloalkene preferably 
having 2-30, and in particular 2-20, carbon atoms and preferably 
1-3 -double bonds. The alkene or cycloalkene may be substituted, 
for instance, with one or more halogen atoms or cyano, ester, 
alkoxy, hydroxy, carboxy or aryl groups. If the substituents are 
not inert under the reaction conditions, the carboxylation 
reaction may be accompanied with other reactions. For instance, 
the carbonylation of allyl alcohol is accompanied with 
esterification of the hydroxy group. Exairples of suitable 
olefinic compounds are ethene, propene , butene-1, butene-2, 
isobutene, the isorreric pentenes, hexenes , octanes and 
dodecenes, cyclooctadiene-(l,5) , cyclododecene, cyclo- 
dodecatriene-(l,5,9) , allyl alcohol, methyl acrylate, ethyl 
aery late, methyl methacrylate, acrylonitrile, acrylamide, 
N,N-dirrethyl acrylamide, vinyl chloride, allyl chloride, 
acrolein, oleic acid, methyl allyl ether and styrene. 

The alcohols or carboxy lie acids used in the process 
according to the invention may be aliphatic, cycloaliphatic or 
aromatic and may be substituted with one or irore substituents , 
such as nentioned hereinbefore in connection with the 
olef inically unsaturated compounds to be used as starting 
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material. The alcohol nay therefore also be a phenol. The 
alcohols or carboxylic acids preferably contain not more than 20 
carbon atoms. Examples of suitably alcohols or carboxylic acids 
are methanol, ethanol, prcpanol, iscbutanol, tert.butanol, 
stearyl alcohol, benzyl alcohol, cyclohexanol , allyl alcohol, 
chlorocapryl alcohol, ethylene glycol, propanediol- (1,2) , 
butanediol-(l,4) , glycerol, polyethylene glycol, hexane- 
diol-(l,6), phenol, cresol, acetic acid, propionic acid, butyric 
acid, caproic acid, trimethylacetic acid, benzoic acid, caprylic 
acid, succinic acid, adipic acid and hydroxycaproic acid. 
Special preference is given to alkanols and carboxylic acids 
having 1-10 carbon atcms. If the alcohol or the carboxylic acid 
has more than one hydroxy group or carboxy group, different 
products may be formed, depending on the molar ratios existing 
between the reagents. For instance, depending on the quantity 
of olefinically unsaturated ccnpound used, either a mono-ester 
or a diester may be produced frcm glycerol. 

The products formed in the process according to the 
invention may be further reacted if desired. For instance, the 

carbonylation of an olefin, when conducted in the presence of 
water, yields a carboxylic acid which, by reaction with a 
further quantity of olefin, may form a carboxylic acid anhydride. 
When the carbonylation is carried out in the presence of an 
alcohol, it yields an ester which, when water is present as 
well, may hydrolyze to form an acid and an alcohol, each of which 
may again react with an olefin. When the carbonylation is 
carried out in the presence of a carboxylic acid, it yields an 
acid, anhydride which, when water is present as well, may hydrolyze 
to form one or more carboxylic acids which in their turn may 
react with a further quantity of olefin. 

Reaction of an alkanecarboxylic acid having n + 1 carbon 
atoms with an olefin having n carbon atoms yields the syrmietrical 
anhydride of the alkanecarboxylic acid having n + 1 carbon 
a tons. This anhydride may optionally be hydrolyzed, half of the 
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carboxylic acid formed may be collected as a product and the 
other half recycled to the caxbonylation reactor. The process 
thus leads to the conversion of an olefin having n carbon atoms 
into a carboxylic acid having n + 1 carbon atoms. 
5 Both homogeneous and heterogeneous palladium catalysts may 

be used in the process according to the invention. However, 
homogeneous catalysts are preferred. Suitable homogeneous 
catalysts are the salts of palladium with, for instance, nitric 
acid, sulphuric acid or alkanecarboxylic acids having not more 

10 than 12 carbon a terns. Salts of hydrohalogenic acids may, in 

principle, be used as well, but they have the drawback that the 
halogen ion may have a corrosive effect. A catalyst used by 
preference is palladium acetate. Moreover, palladium complexes 
may be used, for instance palladium acetylacetonate , tetrakis- 

15 tripheny Iphosphinepalladium , bis-tri-<>-tolylphosphinepalladiim 
acetate or bis-tripheny Iphosphinepalladium sulphate. Palladium 
on charcoal and palladium bonded to an ion exchanger - for 
instance an ion exchanger comprising sulphonic acid groups - are 
examples of suitable heterogeneous catalysts. 

20 She quantity of palladium catalyst is not critical. Pref- 

erence is given to the use of quantities in the range between 
—5 —1 

10 and 10 gram atari palladium per mol of olef inically 
unsaturated ccmoound. 

1 2 

The substituted or unsiibstituted aryl groups R , R and 

3 12 3 

• 25 R of the phosphine PR R R preferably contain not more 

than 18, in particular 6-14, carbon atoms. Examples of suitable 
12 3 

R , R and R groups are the naphthyl group and in particular 
the phenyl group. Suitable substituents are halogen atoms and 
alkyl, aryl, alkoxy, carboxy, carbalkoxy, acyl, trihalogen- 
fc 30 irethyl, cyano, dialkylamino , sulphonylalkyl and alkanoyloxy 
groups . 

Examples of suitable phosphines are tri-p-tolylphosphrne, 
tri-p-methoxyphenylphosphine , o-diphenylphosphinobenzoic acid 
and in particular triphenylphosphine. The phosphine is used in a 
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quantity of at least 5 mol, preferably 10-150 mol per gram atom 
of palladium. If the palladium catalyst already contains phosphine,., 
this should be taken into account when calculating the amount of 
phosphine to be used. 

In the process according to the invention the carbon 
rronoxide may be used pure or diluted with an inert gas, such as 
nitrogen, noble gases or carbon dioxide. Generally the presence 
of rrore than 10%v of hydrogen is undesirable, since under the 
reaction conditions it may cause hydrogenation of the olef inic 
compound. Generally preference is given to the use of carbon 
monoxide or a carbon monoxide-containing gas which contains 
less than 5%v of hydrogen. 

The carbonylation according to the invention is preferably 
carried out at a temperature in the range between 50 and 200°C, 
in particular between 75 and 150 °C. The overall pressure pref- 
erably lies between 1 and 100, in particular 20 and 75, bar 

gauge. 

The nolar ratio of the olef inically unsaturated ccrrpound to 
water, alcohol or carboxylic acid is not critical. The molar 
ratio between hydroxy groups and olef inic double bonds may lie 
for instance between 0.1:1 and 10:1. When using a mono-olefin and 
either water, a rronohydric alcohol or a monobasic acid, pref- 
erence is usually given to the use of an excess of the hydroxy 
ccrrpound rrentioned. However, when using a polyhydric alcohol or 
a polybasic acid to prepare a polyester or a polyanhydride , it 
will generally be necessary to use an excess of olef inic compound. 

The process according to the invention may be carried out 
batchwise, continuously or send-continuously. Generally there is 
no need for the use of a solvent since usually there will be an 
excess of one of the reactants - for instance the alcohol - 
which may serve as a solvent as well. If required, hcwever, a 
solvent may be used, for instance diirethyl sulphoxide, diiso- 
propyl sulphone, sulfolane, acetone, chloroform, methyl isobutyl 
ketone, diglym (dimethyl ether of diethylene glycol) or ciiso- 
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propyl ether. The primary reaction product of the carbonylation 
reaction may also be used as a solvent. 

EXAMPLE 1 

A 250-ml magnetically stirred Hastelloy C autoclave 
("Hastelloy" is a trade mark) was charged with 50 ml methanol, 
0 . 1 iruol (CHXOO) 2 Pd and the quantities given in Table A of 
triphenylphosphine and p-toluenesulphonic acid or trifluoro- 
methanesulphonic acid. The autoclave was flushed with carbon 
monoxide, filled with ethene at a pressure of 20 bar and carbon 
monoxide at a pressure of 30 bar, sealed and heated to a temper- 
ature of 135 °C. After the reaction time mentioned in Table A the 
contents of the autoclave were analysed by gas-liquid chro- 
matography. 

Experiments 1 and 2 of Table A are comparative exanples. 
Experiment 1 shows that despite the presence of a large excess 
of triphenylphosphine (30 mol per gram atom Pd) , the rate at 
which methyl propionate is formed is relatively low in the 
absence of an acid. As shown in Experiment 2, this rate is 
equally low when in the presence of a sulphonic acid less than 5 
mol of triphenylphosphine is used per gram atom of Pd. Experi- 
ments 3-8 show that according to the invention the presence both 
of a sulphonic acid and of a relatively large excess of phosphine 
leads to a massive increase of the reaction rate. 

In Experiments 4, 5, 6 and 7 the overall pressure at the 
end of the reaction was below 10 bar, which shows that very high 
conversions are obtained at exceptionally low pressures. 

Experiment 5 was repeated using 0.1 ittnol acetylacetonato- 
dicarbonylrhodium instead of 0 . 1 mmol (CH 3 C0O) 2 Pd and a 
temperature of 150 °C instead of 135 °C. The yield of methyl 
propionate after a reaction time of 5 hours was 3.5 g. Thus, the 
reaction rate was only 68 g ester per g FH per hour. This 
comparative example shows that in the process according to the 
invention the presence of a palladium catalyst is of importance. 
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In the way described in Example 1 a number of experiments 
were carried out in which, instead of ethene, propane was used 
at a pressure of 8 bar. Moreover, in some of these experiments 
the triphenylphosphine was replaced by tri-n-butylphosphine, 
ethyldiphenylphosphine, diethylphenylphosphine or tri- (p-methoxy- 
phenyDphosphine. In addition, experiments were carried out 
using HC1, phosphoric acid, acetic acid, trifluoroacetic acid or 
benzenephosphonic acid instead of p-toluenesulphonic acid or 
trifluoromethanesulphonic acid. The results are tabulated in 
Table B. . . 
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Table B shows that the presence of three aryl groups in the 
phosphine is needed to attain a marked increased of the reaction 
rate. It further shews that the promoter activity of hydrochloric 
acid, phosphoric acid, acetic acid, trifluoroacetic acid and 
phenylphosphonic acid is much smaller than that of the acids 
used according to the invention. Cccnparison of Examples 3 and 8 
shows that it is unlikely that the presence of water is re- 
sponsible for the lower promoter activity of HC1. In Experiments 

2- 7 the prcpene conversion was virtually 100%. 

EXSMPLE 3 

The experiment of Example 1 was repeated using 8 g dodecene-1 
instead of ethene. In addition to 0.1 mmol (CH^COO^Pd were 
present 3 irmol triphenylphosphine and 2 imol p-toluenesulphonic 
acid. After a reaction time of 30 minutes 90% of the olefin had 
been converted. The ester yield was 9.6 g; the unbranched ester 
content was 78%w. The reaction rate was 1900 g/g Pd/hour. 
EXAMPLE 4 

The experiment of Example 3 was repeated using 10 g styrene 
instead of 8 g dodecene. After a reaction time of 5 hours the 
styrene conversion was virtually 100%. The yield of methylester 
of 2-phenylprcpionic acid was 2.7 g and of methylester of 

3- phenylprcpionic acid 12.4 g. 
EXAMPLE 5 

The experiment of Example 1 was repeated using 20 ml water 
instead of 50 ml methanol. The solvent present was 30 ml diglym 
(dimethyl ether of diethylene glycol) . The reaction mixture 
further contained 0.1 mmol (CH^COO) ^Pd r 3 imol triphenyl- 
phosphine and 2 mmol p-toluenesulphonic acid. After a reaction 
time of 3 hours the yield of propionic acid was 13.1 g. 
EXAMPLE 6 

The experiment of Example 1 was repeated using 50 ml acetic 
acid instead of 50 ml methanol. After a reaction time of 1 hour 
the yield of acetic anhydride was 8 . 4 g and of propionic acid 
6.1 g. First the mixed anhydrides of acetic acid and propionic 



acid are fonred, which react with the excess acetic acid present 
to form acetic anhydride and propionic acid. 
EXAMPLE 7 

A 250-ml magnetically stirred Hastelloy C autoclave 
("Hastelloy" is a trade mark) was charged with 50 ml methanol, 
0.1 imol (CH 3 C00) 2 Pd, 3 imol triphenylphosphine and 1.5 ittrol 
HBF. (as a 60 %w aqueous solution) . The autoclave was flushed 
with carbon monoxide, filled with propene at a pressure of 8 bar 
and carbon monoxide at a pressure of 30 bar, sealed and heated 
to a temperature of 120°C. After a reaction time of 2 hours the 
contents of the autoclave were analysed by gas-liquid chromato- 
graphy. The aggregate yield of methyl butyrate and methyl 
isobutyrate amounted to 17 g with an unbranched ester content of 
73%. The reaction rate was 850 g ester/g Pd/hour. 

EXAMPLE 8 

The experiment of Example 7 was repeated using 15 ml 
methanol instead of 50 ml methanol, 4 imol p-toluenesulphonic 
acid instead of 1.5 irttol HBF 4 and 3 imol o-diphenylphospnino- 
benzoic acid instead of triphenylphosphine. As solvent, 35 ml of 
chloroform were present. After 5 hours at 135°C the aggregate 
yield of methyl butyrate and methyl isobutyrate amounted to 

13.5 g with an unbranched ester content of 83%. The reaction 

rate was 270 g ester/g Pd/hour. 

EXAMPLE 9 

A 250-ml magnetically stirred Hastelloy C autoclave 
("Hastelloy" is a trade mark) was charged with 20 ml octene-1, 
10 g phenol, 30 ml sulfolane and 0.1 imol (CH 3 COO) 2 Pd, 20 
nrcol triphenylphosphine and 4 imol p-toluenesulphonic acid. The 
autoclave was flushed with carbon monoxide, filled with carbon 
monoxide at a pressure of 50 bar, sealed and heated to a 
temperature of 135 °C. After a reaction time of 5 hours the 
contents of the autoclave were analysed by gas-liquid chromato- 
' graphy . The total yield of phenylesters was 17 . 2 g with an 
unbranched ester content of 82%. The reaction rate was 320 g 
ester/g Pd/hour. 
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EXAMPLE 10 

In the way described in Example 1 an experiment was carried 
out with I^SiFg. The autoclave was charged with 50 ml 

methanol, 0.1 mmol (CH^COO) ^Pd, 3 irmol triphenylphosphine 
5 and 1 irmol ^SiFg being used in a 34%w aqueous solution. The 
autoclave was flushed with carbon monoxide, filled with prcpene 
at a pressure of 8 bar and carbon monoxide at a pressure of 30 
bar, sealed and heated at a temperature of 120 °C for 2 hours. 
8.5 g of butyric esters were obtained, with an unbranched ester 

10 content of 70%. The reaction rate was 425 g ester /g Pd/hour. 
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CLAIMS 

1. A process for the carbonylation of an olefinically unsaturated 
compound with carbon monoxide in the presence of water, an 
alcohol and/or a carboxylic acid, a palladium catalyst, at least 

5 mol of a phosphine PR 1 !^ 3 in which R 1 , R 2 and R 3 each represent 
an optionally substituted aryl group, per gram atari of palladium, 
and an acid as a promoter , characterized in that an acid with a 
pK a < 2 (at 18 °C in aqueous solution) , except hydrohalogenic 
and carboxylic acids, is used. 

2. A process as claimed in claim 1, characterized in that an 
acid with a non-co-ordinating anion is used as prcmoter. 

3. A process as clairred in claim 1 or 2, characterized in that 
a sulphonic acid or an acid that can be formed by interaction of 
a Lewis acid with a Broensted acid is used as promoter. 

4. A process as claimed in claim 1 or 2, characterized in that 
an acid having the general formula 

4 ^ <7 
R -X- OH I 

wherein X represents sulphur or chlorine and, if X is chlorine, 
R 4 represents oxygen and if X is sulphur, R 4 represents an 
OH group or an optionally substituted hydrocarbon group, is used 
as promoter. 

5. A process as claimed in claim 4, characterized in that the 
optionally substituted hydrocarbon group represented by R is 
an alkyl, aryl, aralkyl or alkaryl group having 1-30 carbon 

a tons. 

6. A process as clairred in claim 4 or 5, characterized in that 
the acid is p-toluenesulphonic acid or trif luoramethanesulphonic 
acid. 
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7. A process as claimed in claims 1-6, characterized in that 
the acid is present in a quantity of 0.01-150, in particular 
1-50, equivalents per gram atom of palladium. 

8. A process as claimed in claims 1-7, characterized in that 
5 the olef inically unsaturated corpound is an unsubstituted or 

substituted alkene or cycloalkene having 2-30 carbon atoms and 
1-3 double bonds. 

9. A process as claimed in claims 1-8, characterized in that 

the alcohol or the carboxylic acid has not more than 20 carbon 

10 a tans. 

10. A process as claimed in claims 1-9, characterized in that 

12 "3 

the aryl groups represented by the groups R , R and R 
have 6-14 carbon atoms. 

11. A process as claimed in claims 1-10, characterized in that 

1*2 3 

15 the aryl groups represented by R , R and R are phenyl 
groups. 

12. A process as claimed in claims 1-11, characterized in that 
10-150 mol phosphine is used per gram atccn palladium. 

13. A process as claimed in claims 1-12, characterized in that 
20 the carbonylation is carried out at a temperature in the range 

between 50 and 200 °C. 

14. A process as claimed in claims 1-13 , characterized in that 
the carbonylation is carried out at an overall pressure in the 
range between 1 and 100, in particular between 20 and 75, bar 

25 gauge . 
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